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Pedepar. [IpuBeneHs! pe3ynbTaTsl NHHY-aHATIN3a, TEPMOIUHAMIYECKOTO aHaIM3a Ha 06ase sKcep-
IeTHYECKOr0 METOJa, Ha OCHOBE KOTOPBIX ONPEENCHBb BAPUAHTHI MOBBIMICHUS 3()(HEKTHBHOCTH
9HEProobecrneveHns OCHOBHOTO 000pPYyIOBaHHUS B OTJAEIOYHOM MPOU3BOJCTBE JIETKOW MPOMBIIII-
JICHHOCTH Ha IIpUMEpE anmnaparoB NEPUOJUYECKOTO ACUCTBUA UL KpaIlCHUsl TEKCTUIbHBIX MaTe-
puanos. Hayqno o00cHOBaHHas! OIlEHKa BO3MOKHOCTH COBEpIICHCTBOBAHUS YHEProo0ecIedeHHs
TEMJIOTEXHOIOTHYECKOTO MPOU3BOCTBA MIPEANPHUITHH JIETKOH NpoMbliIeHHOCTH benapycu akry-
anbHa ¥ BOCTpeOOBaHA B CI0XKUBIIEHCS SKOHOMUYECKON CUTyalluu. DKCePreTuYecKuil MeTo 1 mo3-
BOJISIET IOJIyYUTh YKa3aHHYIO OLCHKY HamOoJyiee NMPOCTHIM M JIOTHYHBIM ITyTE€M IO CPAaBHEHHIO C
JIpyTUMH METOJAMU TEPMOJMHAMHYECKOTO aHaaHu3a, HAIpUMep SHTPOIMUHBIM HIM C HOMOIIBIO
Teopuu LUKIOB. [IpHBiIeUeHNe MHHY-aHAIN3a TIO3BOJISIET HE TOJNBKO MPOBEPUTH PE3YIIbTaThl OLICH-
KH, HO U yKa3bIBaeT IMpoOJIeMHBIC MecTa, TpeOyIomie KapANHAIGHBIX H3MEHEHHI H MOAEPHH3a-
un. brarogapst TakoMy KOMIDIEKCHOMY TTOIXOY MOXXHO HaMETHTB IIPOCTHIE ITyTH dHEprocoepe-
JKEHHS B CYIIECTBYIOIIMX TEXHUUECKUX CHCTeMax MpeoOpa3oBaHMs BEIIECTBA, YTO BAKHO B YCIJIO-
BHSIX JCHCTBYIONIETO MPOM3BOJCTBA ISl YCIEHIHOTO PEIICHHMs 331a4ui CHIKEHHsT ce0eCTOMMOCTH
MPOAYKIHHU. [310’keHHOe WILTIOCTpUpYyeTCss Ha IpuMepe Hambolsiee paclpoCTPaHEHHOTO Tell-
JIOTEXHOJIOTUYECKOTO MPOU3BOJICTBA JIETKOH IPOMBIIIIEHHOCTH, KOTOPOE BO MHOTOM OCTaeT-
csl IpOoOJIEMHBIM JUIsl GONBIIMHCTBA MPEANpUATHi pecnyOnuku. I[Ipemiaraemble MyTH peIICHUS
HE SIBJISIOTCS MCUEPIBIBAIOIINMH, HO HPEUIararoT YBOJIOLMOHHBIC H3MCHEHHS, 00ECIIeunBAIOIINe
9KOHOMHYECKHE ITOKa3aTeNH, KOTOPbIe OTBEYAIOT TPeOOBAHMAM BPEMEHH M BOZMOXHOCTSIM TIPEX-
npustuid. JIpyroii HemanoBaXKHbIH (AaKTOp MPEICTABICHHBIX aHAN3a U MyTel COBEPIICHCTBOBA-
HHs1 DHEProoOecIeueHus! TEIIOTEXHOIOTHI — TO, YTO MpeAaracMble H3MEHEHHsI MOTYT OBITh pea-
IM30BaHBl Ha 0aze 00OpyIOBaHMS, KOTOPOE ITOJNIOKHTENBHO ce0si 3apeKOMEHIOBAJIO B XOfe
JUTITENPHOM OJKCIUTyaTallid Ha pa3JIMYHBIX IPOM3BOJACTBAX WU BBITYCKACTCS B pecIyOiIHKe
B KOOIIEpALMH C 3apyOe)KHBIMU pa3paboTunKaMu.
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On Improving the Energy Supply of Batch Dyeing Apparatuses
in the Light Industry Enterprises

V. N. Romaniuk”, D. B. Muslina”

UBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The paper offers the results of pinch analysis, thermodynamic analysis based on exergy
method that determine the energy-supply efficacy enhancement variants for the processing equip-
ment in the light industry finishing production as exemplified by the apparatuses of batch opera-
tion for textile dyeing. Scientifically substantiated improvement feasibility estimation for the Bela-
rusian light industry enterprises thermo-technological production energy supply is of current con-
cern and in demand in the existing economic situation. Exergy method allows obtaining the
indicated estimation by the simplest and most logical way as against the other methods of thermo-
dynamic analysis e.g. entropy method or employing the cycle theory. Pinch analysis employment
not only allows verifying the estimation results but also points out the problem spots demanding
cardinal changes and modernization. This complex approach renders possible outlining simple
ways of energy saving in the existing technical systems of substance transformation, which is im-
portant under the conditions of operating production for successful handling the problem of lowe-
ring production costs. The example of the most widespread thermo-technological production of the
light industry illustrates the above stated. For most enterprises of the republic, it remains proble-
matic in many ways. The suggested ways of solving the problem are not exhaustive and offer evo-
lutionary changes that secure economic indicators fitting the dictates of time and the enterprises
capabilities. Another critical factor of the presented analysis and ways for thermo-technological
energy supply improvement is that the proposed changes can realize on basis of the equipment that
established a good reputation during continuous service in different productions and manufactured
in the republic in working partnership with foreign design engineers.

Keywords: pinch analysis, thermodynamic analysis, modernization, recovery, utilizing, heat flu-
xes, lithium-bromide absorption heat pumps

For citation: Romaniuk V. N., Muslina D. B. (2016) On Improving the Energy Supply of Batch
Dyeing Apparatuses in the Light Industry Enterprises. Energetika. Proc. CIS Higher Educ. Inst.
and Power Eng. Assoc. 59 (1), 2545 (in Russian)

BBenenue

B [1-5] xpuTHdeckn pacCMOTPEHBI, BEIOpaHBI METOJAUKH M aJITOPUTMBI pac-
YEeTOB IKCEPTUU MATEPHAIOB, UCIIOIb3yEMbIX B TEIUIOTEXHOJIOTHH KpaIIeHUs Ha
HNPEANPHUATUSAX JIETKOH MIPOMBIIIIIEHHOCTH AJIsl TMHUI HENIPEPBIBHOTO EHCTBUS.
IIpoBeneHs! cTaTUCTUYECKUH aHAJIM3 [IPOM3BOJCTBA U Ha 0a3e MOIy4YEeHHBIX pe-
3yJIBTATOB CTaTUCTHYECKAs WIPa, YTO MO3BOJUIIO MPOTHO3UPOBATH SHEProNo-
TpebneHue mnpeanpusaThii B mepcnektuBe 10 2030 1. Utorm cratuctudeckoi
«UTPBI C IPUPOIOI» KAK METOJIA MOJYICHHUSI ONTUMAIbHON CTpaTeTUH Hapalu-
BaHUA O6’I)CMOB OpOU3BOACTBA JaJIM BO3MOKHOCTL IIPOrHO3UPOBATH O6’I)CMI)I
SHEProNoTPEOIeHU TPEANPUATHI JIETKOW TPOMBIIIIEHHOCTH. BHOBB paspa-
0OTaHHBIE U NMPUMEHEHHbIE METOIUKHU pacdera dKCEpruil MaTepHaoB, BBIITYC-
KacMbIX Ha MPECANPUATUAX JIETKOM MMPOMBIIIIJICHHOCTH, JICTJIX B OCHOBY IIpO-
BEJCHHOIO TEPMOAMHAMHUYECKOIO aHaIM3a Ha 0a3ze 3KCEpreTMYecKoro Merona
TUIMYHOTO Y4acTKa OTIEJIOYHBIX MPOU3BOACTB MPEANPHUITUN JIETKON MPOMBILI-
nennoctu benmapycu [1]. Kak u3BecTHO, 3TOT y4acTOK B 3HAYUTEIBLHON CTere-
HHU ONpeneNnseT SHEPreTHUECKyl0 COCTABISIOMIYIO Ce0eCTOMMOCTH HPOIYKIIMH,
ABJsieTcs: Haubosiee MpoOJIEMHBIM C TOYKU 3PEHHS COBEPIICHCTBA €T0 3HEpPro-
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obecnieyeHus U3-3a KpaiiHe HU3KON 3()(EKTHBHOCTH HCIOJIB30BAHUS YHEPrope-
cypcoB [6-8].

Nmest HeoOxoanMelii HAOOp AaHHBIX JUIS ONPENENCHHUs] SKCEPTUH BellecTBa
B IIOTOKE JJISl TEKCTHIBHBIX W TPUKOTAXKHBIX MAaTEPHAIOB, BO3MOXKHO IIPOBECTH
TEPMOJIMHAMUYECKYIO OLIEHKY DJHeproodecneueHus 3TUX Haumboiee XapakTep-
HBIX TEIJIOTEXHOJIOTHYECKMX IIPOLIECCOB OTAEIOYHBIX ITPOU3BOJACTB JIETKOU
IIPOMBIIIIJIEHHOCTH U Ha €€ OCHOBE OIPENEIUTh MOTEHLHANl SHEProcOepeskeHUs
W MyTH ero peaiusauuu. st aHanusa sHepreTudyeckoit 3¢ dexkruBHOCTH HanboO-
Jiee DHEProeMKUX MPOOJIEMHBIX TEIJIOTEXHOJIOIMYECKUX CHCTEM IIpeobpaso-
BaHUsI BELIECTBA MCIIONB30BaM MIMpOoKui Habop mokasateneit KIIJ, MHOr0o6-
pas3ue moAXoJ0B K UX omnpeaesneHuto. B onnux cinydasx nis HaxoxaeHus KITJT
TpeOyeTcsl AeTaIbHOE PACCMOTPEHHE CTPYKTYPBI 3KCEPTHH BEIIECTBA B MOTOKE,
B JPYTHX — HWCIOJh30BaHHE 3HAKOMOTO CIIEIMAIMCTaM Pa3HOCTHOTO METOoAa
pacueTta none3noro s¢dexra u 3arpar [9, 10].

Panee pe3ynbTraThl TEpPMOIMHAMUYECKOTO aHaNn3a 3(GQGEKTHBHOCTUH PabOTHI
NEHCTBYIONIEr0 MPOM3BOJACTBA Ha TMPUMEpPE HEMPEepBIBHON JHHUM KpalleHUS
XJI0M4aTo0yMaXHOH TKaH! yOeAUTEIbHO MPOAEMOHCTPUPOBAIIM BO BCEX CIIyda-
X KpaliHe HU3KHE MMOKa3aTelH, YTO OOYCIOBICHO B TOM YHCIIE M KOHCTPYKIUEH
arperaTtoB, TPAAULMOHHBIM IOAXOIOM K 3HEProo0ecreueHHIo, UCII0JIb3yeMbIM
HAaOOpOM TEIUIOHOCUTENEH, a TakkKe BCeH TEIIOdHEPreTHIeCKOl cucre-
MOW NpEeANpHTHSs, OTBEHaroIell TpeOOBaHUIM YLISALIETro Mepuoja ACIIEBBIX
sHepropecypcoB [4]. Ha yuacTkax kparneHus B OONBIIMHCTBE CIy4aeB HapAIy C
JUHUSIMHA HETIPEPHIBHOTO KpPAIIEHHS MPUMEHSIOTCS annapaThl MEePHOJUIYECKOT0
IEUCTBUSL.

B craTthe npuBenCHBI PE3yJIBTATHI aHAIN3a U BO3MOXHOW pallMOHAIIBHON MO-
JepHHU3ALMHU SHEeproodecneyeHrs nporecca KpalleHus B annaparax rnepuoaude-
CKOTO JeWCTBHA. PaccMOTpeHBI BapuaHThl ONTUMH3ALUN SHEPTOOOECICUEHUS
anmaparoB KpalleHHs, He TpeOyIoLe 3HaunTeIbHbIX HHBeCTHLNI. OHM BKJIIO-
YaloT PeKyIepalno TEeIIoThl OTOKOB, paclIMpeHHe psja MPUMEHSEMBIX Tel-
JIOHOCHUTENEH, IPEeABAapUTENBHBIN ABYX- 1 MHOTOCTYIIEHUaThI HarpeB TEXHUYE-
CKOH BOJBI, UAYLIEH HA ONEpalMK KpalIEHUs, TOpsiYeld MPOMBIBKH C HCIIOIb30-
BaHMEM MOTEHIIMAIA TOOOYHBIX (HE HCIOJIB3YEMBIX B JalbHEHIIEM) MOTOKOB,
o0pasyrolmuxcsi B X0l TeXHOJOrnueckux onepauuii. Kpome Toro, paccmarpu-
BaeTcs NMpUMEHeHHe aOCOPOIMOHHBIX OPOMHCTO-TUTHEBBIX TEIIOBBIX HACOCOB
(ABTH) muis moBBIIIEHWS CTENEHHW WCIONB30BAHUS MOTEHIIMATIA YHEPTOPECyp-
COB, MTOCTYMAIOIUX HA MPEATPUATHSL.

CocTtosinne npo0seMbl. JHepreTHYecKHil aHAIN3

OCOOCHHOCTBIO ammapaToB MEPUOTUIECCKOTO JEHCTBUS SBISETCS BO3MOXK-
HOCTBH 00paboTKH HEOONMBIMX MapTHil MatepuanoB — oT 50 go 500 kr 3a ITUKII.
[Tnara 3a 3T0 — GoMNBINIEe yaENBbHOE dHEPronoTpedieHue. M3 aHanmu3a TeXHOIO-
THYECKOTO Ipollecca KpaIleHHs BBHITEKAET, YTO HE3aBHCHMO OT THIA M KOH-
CTPYKIIMM armapaTra Habop oInepanuii U WX IMOCIEIOBATEIBHOCTh IS OJTHOTO
¥ TOTO JXe Thma obOpabaTpeiBaeMOro MaTepuajna (HarpeB, KpaimleHUe, BBIICPK-
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Ka, TIPOMBIBKA W IIOJIOCKaHHWE, OKOHYATEeNbHAs 00paboTKa W Tp.) COBMAMAIOT.
O4epeTHOCTh, TEMIEPATYPHBINA PEXKUM U MPOOJDKUTEIBHOCTh ONEpannii 3a1a-
IOTCS TEXHOJIOTMYECKUMHU KapTaMu. XapaKTePHbIE TEXHOJOTHYECKHE KapThl W
BPEMEHHO-TEMIIEPATypHBIE TPOGMIA KpalmleHHs] MaTepUaloB Ul alnapaToB
MEPHOANYECKOTO JICHCTBHS, MPUMEHSIEMBIX Ha OTEYECTBEHHBIX MPEATIPUITHSIX,
MpuBeneHs! Ha puc. 1, 2 [11-14].
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Puc. 1. BpemeHHO-TEMIIEpaTypHBIH IPOQHIb KPAIICHUsI MaTepHaia Ha IPUMEpe allapaToB
¢upmer Hisaka [11, 12]: a — mepers; b — mommacrep

Fig. 1. Time-temperature profile of the material dyeing as exemplified
by the Hisaka apparatuses [11, 12]: a— wool; b — polyether

AHa/n3 TEXHOJOTMUYECKUX PEXUMHBIX KapT padoThl anmapaToB, UX LUKIO-
rpaMM BBISBWJI, YTO TIpH 00pabOTKe OJHOrO M TOTO K€ BHJAa MaTepuaa OJHUM
U TEM K€ KpacHuTeleM, HO Ha Pa3JIM4HbIX MalllMHAaX IEPUOANYECKOro ACHCTBUS
BpPEMEHHO-TeMIIepaTypHble NPOQWIN NPAKTUYECKU COBIAJAIOT U HE 3aBUCAT OT
TUIA U KOHCTPYKIMHM annapara. CyIiecTBYyeT MHOXKECTBO allllapaToB IEPHOAU-
YECKOTO JEHCTBHSA:

« s)xrytoBas Oapka (tTun MKII, oTeduecTBeHHOE IPON3BOJICTBO);

e MKEKTOpHBIE MammHBl («IK0-copT», «CodT-cTpum», «Cymep xer» —
¢upma «l'acton Kayntn» (CLIA); «Poto-ctpum» — pupma «Tuce» (I'epmanust);
«xet-100» — pupma «Kpanuy» (I'epmanust); IKJI-140-4 (Poccus));

o mxurrepsl («Memuepay» (Mramus); «X-Cymnep-1200-XT» — dupma «XeH-
pukcen» ([lanus); Hisaka (Snonus));

o armmapathl HaBoitHOTO THMA («ILlommy (I1IBetimapus)).
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Puc. 2. TexHonornyeckue KapThl KpalleHUs] MaTepHaIoB
Ha ammaparax «Co¢t-ctpum» (OAO «Kynamunkay):
pexum Ne 59 — nnsg matepuanos u3 mepery; pexxum Ne 60 — 13 nonuscrepa

Fig. 2. Flow process diagrams of the material dyeing
by the apparatuses ‘Soft-Streem’ (JSC ‘Kupalinka’):
regime Ne 59 — for woolen materials; regime Ne 60 — of polyether

[IpuBeneHHBIN TOPSAIOK MEPEUMCICHHUS alMapaToOB MNEPUOJUYECKOTO ICH-
CTBHSI COOTBETCTBYET BO3PACTaHHUIO TAKOM XapaKTEPUCTHKHU, KaK MOAYJb BaH-
Hbl (LR), KOTOpasi paBHAa OTHOIIECHUIO 00bEMa OTACIOYHOTO PAcTBOpPA, 3amoJ-
HAIONIETO ammapaT AJisl IPOBEICHUs SIUHUYHON OIepaluy, K Macce MaTepuania
(mpm HavyanmpHOW BiakHOCTH Martepwana 8—15 %) [11, 12]. 3nauenne LR, Kak
MPaBWIO, HAXOAUTCS B Auana3oHe 6—14 o Ha 1 kr maTepuana. B GonbmnHCTBE
COBPEMEHHBIX MAIIMH MEPUOJUYCCKOTO NEUCTBUSI MOAYJIh BaHHBI COOTBETCT-
ByeT 8 n/kr. [loaTOMy B maidpbHEHWIINX pacdeTax WUCIOJIb3yeTCsS UMEHHO 3Ta Be-
quurHa LR. B mocnenHux MOAENSX JKUITEPOB M 3KEKTOPHBIX MallUuH 3Haye-
uue LR nocturaer 6 Ji/Kr.

Ha ocHoBaHMM MMEIOIIMXCS TaHHBIX 10 HUKIOrpaMMaM IPOLIECCOB Kpalie-
HUS Pa3TUIHBIX MaTEPHAJIOB, PELICTITOB UX PACTBOPOB, 3HAUCHUM MOIYJISI BAHHEI
IUJISL pa3HbIX KPAaCUJIBbHBIX allapaToB U Pe3y/bTaTOB PAaCUETOB MOJIYYEHBI 3aBU-
CUMOCTH YJEIIBHOTO TMOTPEOJIEHUs TEIUIOBOM SHEPTHH almapaToM IMepHoande-
CKOT'0 KpallIeHHs Ha TOHHY CYXOro o0padaThiBaeMOro MaTepuaa, pecTaBJICH-
HbIe Ha puc. 3. U3 pucyHKa BUIHO, YTO y/IENbHEIE MOTPEOIICHHUS TEITLUTOBON YHEP-
TUU Ha KpalleHWE [JIs1 XJIOMKA, IIEPCTH M IeJKa MPAKTUYECKHU COBIAJAIOT.
Ta e cuTyanus HaOMOJACTCS U HEMJIOHA U TIOJHaMHJIA.

AHanu3 SHepromoTpeOIeHUs anmapaToB MEPHOJUIECKOTO KpaIIeHUs TOoKa-
3BIBAET, UYTO MX YJIENBHOE TEIIONOTpedneHue uimensercs ot 7,5 mo 19,3 I'/x/t
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C YBEJIIMYCHHEM MOJYJS BaHHBI OT 6 70 14 Ji/kr. 3HaYCHHUS YIEIBHOI'O TEILIO-
NMoTpeOJICHUs] HAXOJSTCS B TIpeJieiiax Auana3oHa, KOTOPBIA OTpeJeNieH CTaH ap-
tamu EC u Kanagel mo sHepro- m Bomonorpebnenuto [6, 15, 16]. PasHuna
B YJICJIBHOM JHEPronoTPeOJICHUH MEXIy Pa3IHMYHBIMA THUTIAMH BOJIOKOH IPH
PaBHBIX MOJIYJSIX BaHHBI OOBSICHSAETCS TEM, YTO TEMIIEpaTypa OCHOBHOTO IMpPO-
Hecca Juisi MaTepHaloB U3 HATYPAIbHBIX M HCKYCCTBEHHBIX BOJIOKOH BapbUpPYET-
csa B amamazoHe oT 80 mo 120 °C, mpu 3TOM I NCKyCCTBEHHBIX BOJIIOKOH OHA
Bcerya Hke u He mpesbimaet 100 °C.
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Puc. 3. V;[em)Hoe TeHHOHOTpeGJ’IeHHC arrapara 1nnepuogun4eCcKkoro Z[eﬁcTBPIS[
B 3aBUCUMOCTH OT 3HA4Y€HU MOAYJIS BaHHBI U BUJa 06pa6aTbIBaeMOFO MaTtepuaia

Fig. 3. Specific heat-consumption of the batch operation apparatus depending
on the value of the liquor rating and the kind of process material

Pacuers! mokazanu, 4To TpH M3MEHEHNH PacXojia M TUMA KpacUTeneil, OCHOB-
HBIX XMUMHYECKHX pPEareHTOB W TEeKCTHIHLHO-BCHOMOTraTedbHbIX BemlecTB (TBB)
yIeabHOE MOTPeOJICHNE TEIIOBOIM DHEPIruH armaparaMu MEpHOJIHYECKOro JIeH-
CTBUS IPAKTHYECKU HE 3aBUCUT OT pacTBopa. Hanpumep, nmpu CHUKEHUH YAEIh-
HOTO pacxofla KpacHuTeled W peareHTOB C YCJIOBHO MaKCHMaJdbHOTO 758 T/KT
MaTepuraia A0 MUHHMaJIbHON BennuuHbl 127 r/kr [16, 17] ynensHOE sHEprormo-
Tpednenue usmensercs Ha 0,6 %, T. €. MPAKTHYECKHU MMOCTOSHHO. DTO 03HAYALT,
YTO MOXHO HCIOJB30BaTh PE3yJbTaThl aHaIM3a TEIUIONOTpeOJeHUs Ui pas-
JUYHBIX THTIOB KPacHUTEJeH U COCTAaBOB PEareHTOB.

[IpoBenem anamu3 u cpaBHeHHE d(H(PEKTUBHOCTH pabOTHI aMIapaToB MEPHO-
JIUYECKOTO JICHCTBUS U allapaToB HEMPEPBIBHOTO JEHCTBYS HA MPUMEPE JHKHT-
repa ¢upmbl Hisaka muist kparieHuss mMaTtepualioB ¢ MOJYJEM BaHHBI § JI/KT.
3HaueHUs] YAETBHOTO HHEPromoTpeOieHus Ui 3TUX pPacuyeTOB IPHBEICHBI
Ha puc. 4. VI3 pucyHKa MOXHO 3aKIIIOUYNTh, YTO YAETHHOE TEIUIONOTpeOIeHIe
B Mpolecce OTACIKH HaTypaJbHBIX MaTepuaioB Ha 12—-15 % Oombiie, yem
WCKYCCTBCHHBIX. B cpaBHEHHMU C JUHHSIMH HETPEPHIBHOIO JCWCTBUS B Clydac
arnmapara MepuoJUIeCKOr0 NEeHCTBUS YAENbHOE MOTpebIeHHe TEIUIOBOW DHEp-
TUH JUIST KPaIIeHHs XJIOMIaTOOYMa)KHBIX MaTepHaIOB yBEIHYUBaeTcs OT 9,8
mo 11,2 I'JIx/T, T. e. Ha 14,0 % [4].

Hctoprudeckn CIOXWIOCH M, Kak OyAeT MOKa3aHO Janee, CErOAHsS 3TO
HEOTpaBAaHoO, YTO ISl 00ecTiedeHus TeTUIOBBIX OMepaluii KpaleHus TeKCTHIIb-
HBIX MaTepUaIOB HCIIONIB3YETCs TOJIBKO MAPOBON TEIUIOHOCUTEINb, I KOTOPOTO
pa3paboTaHbl KOHCTPYKLIUH aNapaTos.
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Puc. 4. Y nenpHoe TerionotpedIeHne anmnapaToB KpalieHns IepUOANIECKOro AeicTBHs
B 3aBHCHMOCTH OT BHJ]a 00padaThIBaeMOro MaTepuaia (C y4eToM TeMIepaTypbl
TEXHOJIOTMIECKHX ONepaIiii JUIsl KaXkKI0T0o BUa MaTepuaia) Ipyu MOIyJIe BaHHBI 8 JI/KT

Fig. 4. Specific heat-consumption of the batch operation apparatus depending
on the kind of process material (with regard of the temperature of working operation
for each kind of material) at liquor rating 8 I/kg

B Hacrosiee BpeMs C LIeIbl0 dHEprocoepekeHus Tpedyercst pacCMOTPETh U
000CHOBAaTh BO3MOXKHOCTh HCIIOJIb30BAHUSI MHBIX TEIUIOHOCUTEIEH B paMKax
COXpaHEHHs KOHCTPYKLHMHU CYLIECTBYIOIIUX allapaToB ¢ HarpeBOM IPH MOMO-
LM IapoBOil pyOariky. DKOHOMHYECKH M TEXHUUYECKH OIpaBllaHO, HaIpuMep,
MIPUMEHEHHUE JIBYXCTYIEHYaTOr0 HarpeBa TEXHOJOTMYECKHUX ITOTOKOB, KOTAA
B TMEPBOM CTYNEHHM HCIONB3yeTCA BOASHON TEIUIOHOCUTENb. B aTOoM ciydae
HarpeB TEXHOJOI'MYECKOIO MOTOKAa OCYILECTBISIETCS BHE amlapara B CKOPOCT-
HOM Oolijiepe MM pe3epBHOM Oake pacTBopa Ajs KpauleHus. Bropas crymeHb
Harpesa Ipe/CcTaBlIeHa NapoBOl pyOamIkoi HEMOCPEACTBEHHO ammnapara Kparie-
HUS, TJ€E, KaK U paHee, IPOUCXOAAT OKOHYATENIBHBIN HarpeB pacTBOpa U MaTepu-
ala M TEeXHOJOTMYECKas BBIAEpKKa. TemmepaTypa HarpeBa B MEPBOW CTYIECHH
pabouux MOTOKOB Mepea NoAayel X B almapar U3MEHSEeTCS B 3aBUCUMOCTH OT
TEXHOJOTHYECKOr0 perjaMeHTa, HO BO BCEX CIy4asX OKa3bIBaeTCid HE HIKE
40 °C, a Ha HyX[Jbl IPOMBIBOK nomyckaercs Harpes 1o 60—70 °C. Pacnpenene-
HUE Harpy3KH MEKIYy BOJASHBIM M IAapOBBIM TEIUIOHOCUTENSIMU IPU ABYXCTY-
[IEHYaTOM HarpeBe MOKa3aHo Ha puc. 5.
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Puc. 5. Y nenpHoe TeronoTpedIeHne anmnapaToB KpalieHns epUOANIECKOro AeicTBHs
B 3aBHCHMOCTH OT TEMIIEpaTyphI Ollepalliy Ha IIPUMEpPE XJIONKA IIPHU MOJLYJIe BAaHHBI 8 JI/KT:
1 — Ha peBapUTEIbHBIN HArpeB; 2 — HA OCHOBHBIE OIIEpALlUU HATPEBA U BBIICPIKKU

Fig. 5. Specific heat-consumption of the batch operation apparatus depending
on operation temperature as an example of cotton at liquor rating 8 1/kg:
1 — for preheating; 2 — for main operations of heating and exposure
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Hcxons u3 puc. 5, MOXKHO KOHCTaTUPOBATh, YTO IPU HCIOJIL30BAHUH TIPEIO-
LIETO BOJSHOTO TEIUIOHOCHUTENs] B TEPBOM CTYNEHH HAarpeBa TEXHOJOrHYe-
CKHX IIOTOKOB YJENbHOE TEIUIONOTPeOICHHE TaHHOW CTYNEHHM HaXOOUTCS Ha
ypoBue 6,2 T'JIx/T, mmn 55-65 % oOmero noTpeOiieHHs TETUIOBOW SHEPTHH.
I[Ipu 3TOM pe3Ko cokparaeTcsi moTpeOHOCTH B Mape, YTO MO3BOJISIET UCTIONIB30BATh
B KQU€CTBE MCTOYHUKOB HEPIUU KOr'€HEPalMOHHbIE YCTAHOBKHU (11 KOMOUHHPO-
BaHHOW BBIPAOOTKH TEIUIOTHI M 3JIeKTpodHeprun). [lepexon K AByXCTyIeHYaTOMY
HarpeBy, M 3TO INIaBHOE, JaeT BO3MOKHOCTb YTUIN3UPOBAThH MOOOYHBIE TETUIOBHIE
MOTOKU CTOKOB, CHIKas YZAEJIbHOE MOTpeOJICHHE TEIUIOBOW SHeprum Oojee yem
Ha 30 %. [y nony4eHus: 00bEKTUBHBIX 3HAYCHUH OlLICHKH 3()()EKTUBHOCTH SHEP-
roo0ecreyeHusI TPOIIECCOB KpallleHuss TpeOyeTcsl MPOBECTH WX TEPMOJMHAMU-
yeckuil ananus. Kak yxe ormeuanoch, B KadecTBe IpuMepa Ul aHajiu3a pado-
THI anmnapaTa NepHOIUYECKOTO KpAIeHUs] HCIOJIb3yeTcs JKurrep ¢ LR = 8 ji/kr
NPy KpalleHHH XJIOMYaTOOYMaKHOTO MaTepHasia. BpeMeHHO-TeMIiepaTypHbIi
npoduip (LMKIOrpamMma) mporecca 00paboTKU XJI0M4aToOyMaXHOTO MaTepuaia
npeJcTaBieH Ha puc. 6.

Beinepixka
120, m Pacxomonka
2-5 CTYIIEHB
100 — Briiepskka Brok ropsumnx
TIPOMBIBOK
O 80 —
°m, Harpes,
& 1-s1 crynenp MpbLI0BKa
£ 60
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]
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Puc. 6. BpemeHHO-TeMIIepaTypHbIi MPOQUIb KPaLICHHs XIOMIaTo0yMaKHOTO MaTepHaa

Fig. 6. Time-temperature dyeing profile of cotton material

[To BpemMeHu Texmpoliecc 3aHUMaET OT 3,5 10 4 4, mpu 3TOM 3arpy3Ka pac-
CMaTpPUBAEMOT0 DKUTTEpa MoXeT cocTaBisiTh 200-500 kr matepuana. I'padux
noTpeOJIeHNs! TEIUIOBOM YHEPTUH Ha TOHHY NPOIYKIMU B TeUEHHE LIUKIIA MTPHBe-
neH Ha puc. 7. TemnonotpebieHre HOCUT (parMeHTapHBIN XapaKTep C Yepenyro-
IIMHUCS TIMKaM{A W TIpoBaJlaMH Harpy3kw. Hawmbornee paBHOMEpHOE W 3HAYH-
TeNbHOE MOTPEOJICHNE TEMIOBOH 3HEPIUU HAOIIONAETCsl B TEUEHHE OJHOTO Jaca
MIpH OTepaIii HarpeBa MaTepraa. TerioBoil MOTOK MPH 3TOM COCTABIISET TPH-
MepHo 2,5 ['JIx/4. 3anmoBbIi W KpaTKOBpEMEHHBI pAacXoj] TEIUIOBOM SHEp-
UM HaOJIIOaeTcsi B T€UEHHE ONepalii MPOMBIBOK, MBUIOBOK, PAacXOJl SHEPTUH
MpA KOTOPBIX BapbupyeTca B mpeaenax 6,4-2,9 I'Jlx/4a. [lorpebiienre »Heprum
B MIPOIIECCaxX BBIACPKKH HE3HAUMTENBHO U cocTaBiseT okono 0,1 I'Ilx/4. Bmecte
C TeM MMEETCS TEXHOJOTHYECKasi BOSMOKHOCTh YBEIUMIHUTH BPEMsI HarpeBa Cpelibl
B ammapare /0 TeMIepaTypsl onepanyu 0e3 HapyieHns TpeOOBaHNH TEXHOIOTHH.
3TO OKa3bIBaeTCs MOJIE3HBIM JJISl TEIUIOTEHEPUPYIOIIEr0 HCTOYHHKA, ISl KOTOPO-
ro nuama3oH Harpy3ok 0,1-6,4 I'J[x/4 kpaitHe cro)HO 0OecneduTh, eClu pedb
WJIET HE O LEHTPAIM30BAaHHOM TEIUIOCHA0XKEHHH, a 00 aBTOHOMHOM dHeprooodec-
TIEYEHNH OT COOCTBEHHOM KOTEIHHOM MITH KOTEHEPAIIMOHHOTO KOMITIEKCa.
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Puc. 7. TloTpebieHne TEIUIOBOI HEPTHH allapaToM B TEUCHHUE LIUKIIA
B pacyeTe Ha TOHHY NPOM3BOAUTENLHOCTH arnmapara

Fig. 7. Heat-energy consumption by the apparatus during the cycle
per one ton of the apparatus productive capacity

C ydgeToM mepexoJia Ha JIByXCTYIIEHYAThI HATPEB C BRITECHEHHEM apOBOTO
TEIUIOHOCHUTEIISI BOASHBIM TPUBEJCHHBIN Ha pUC. 7 TpaduK yJIeIbHOTO HOTPeO-
JeHus TertoBoi sHeprun (T3) ocraercs MpekHUM, HO IMEET MECTO H3MEHEHNE
notpebHOCTH B mape (puc. 8).
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Puc. 8. TlorpeGiieHue TEIUIOBOI SHEPTHHU € TAPOBBIM U BOJSHBIM TEIUIOHOCUTENISIMH AlapaToM
B T€UCHHME I[VKJIAa Ha TOHHY IIPOM3BOAUTEIFHOCTH aIapara

Fig. 8. Heat-energy consumption with vapour and water heat medium by the apparatus
during the cycle per one ton of the apparatus productive capacity

U3 rpaduka Ha puc. 8 ciemyer, 4TO TPHU MEpexojic Ha JBYXCTYIIEHYATHIN
HarpeB 3aJIMOBOE MOTPeOJICHUE Mapa CYIIECTBEHHO CHUXKAETCS, TaK KaK 4acTh
MMUKOBOW HATPY3KH MOKPBIBAETCS MTOIHOCTHIO MITH YaCTUYHO BOJSIHBIM TETUTOHO-
CHUTEJIEM, YTO 3aBUCHUT OT MapaMeTPOB MOCIEAHET0. B COBOKYITHOCTH C IPYTUMH
pELICHUSAMH MO BBHIPABHUBAHUIO TEIUIONOTPEONICHUS CYIIECTBYET BO3MOXKHOCTh
BEIDaBHMBAaHWS BO BPEMEHHM TeHepaluu mapa. HakoHer, IByXCTyIEHYaTHIH
HarpeB MO3BOJISIET MEPEUTH K peKyIepalui U yTUIU3alUU TEIUIOBOM SHEPIUU
TIPH MIPOBEICHUH KPAIICHHUS, 9TO CETOHS YPE3BBIYAIHO BaJKHO.

IInnuy-anaau3

Jlia OlleHKH BO3MOXKHOCTH PEKyIEepalliy TEIIOBOI SHEpruu U 3P PeKTUB-
HOCTH paboThI ammnapaTa ONpaBIaHO NPUMEHATh METOJ NUHY-aHanmu3a [18-21].
Ero mcmonp3oBanue sl TWHAN HEMIPEPHIBHOTO KpallleHUs TMpUBEACHO B [4, 5.
OO6patumcst K cxeMe 3aloJIHeHUs] anmnapara KpalleHHs BO BpeMeHHU. B orimune
OT TPEIBIAYIINX CXeM (TEXHOJIOTUYECKUX KapT M OUKIOTrpaMM, puc. 1, 2), maH-
HOE M3JI0KEHHE OTPAXKaeT PeallbHyI0 TIOCTIeI0BaTeIHOCTh OTepaIiii BO BpeMe-
HU C YYETOM MEPEPHIBOB Ha 3allOJTHEHUE U CIIUB pacTBopa (puc. 9).
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. AnmnapaT nepuoJuYecKOro KpaeHus ~
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Puc. 9. Cxema 3anoHeHys annapara KpaleHus BO BpEMEHU COINIaCHO METOLy NMHY-aHanu3a [21]

Fig. 9. Flow chart of the dyeing apparatus infilling in time according the method of pinch analyses [21]

CymMmapHoe BpeMsl pabOoTHI anmapara B TCUCHHE [TUKIIA yBenmauBaetcs ¢ 230
1o 275 mun. [lo moctpoeHHo# cxeme (puc. 9) paccUUTBHIBAETCS paclpeieneHue
MTOTOKOB BO BPEMEHH, COOTBETCTBYIOINE Tpadukn mpuBeneHsr Ha puc. 10, 11.
Ha puc. 10 oTpaxkeHbl CyIIECTBYIOIINE [TOTOKH, KOTOPbIE HEOOXOJMMO HarpeTh,
Ha puc. 11 — nobGasneHnsle ropsune notoku B2-B6, obpasyrommecs nocie Tex-
HOJIOTHYECKHX OMepaluid, KOTOpble B IITaTHOM BapHaHTE OTCYTCTBYIOT, IO-
CKOJIBKY HE YTWIN3UPYIOTCSI U COpachlBalOTCS B KaHAIW3ALMI0. Xapak-
TEPUCTHKH HAarpeBacMbIX M OXJIAXKIAEMbIX IIOTOKOB PAacTBOPa, 00pa3yOLIMXCs
B XO/I¢ OIepalyii, MpUBEIEHHI B Tabm. 1.

Tabauya 1
JHEPronoTOKH H MOTOKH BEIIEeCTBA JHHUH MEPUOTUIECKOT0 KpalIeHus
Flows of energy and substance in the lines of batch dyeing
VY nenbHas Temnepatypa TemnoBas
[Motpe6- | TemIoeMKOCTh MoToKOoB, °C sneprus, ['JIx,
[ToTok
JIeHue, T NOTOKA Cp, | Hayalb- | KOHeY- | (—) — morped-
xJIx/(xr-°C) Has Has' nseMast
XononHble (HarpeBaeMble) HOTOKH A
Al, npenBapuTenbHbINA HarpeB 9,2 4,2 15 40 —0,96
A2, 1-51 cTyneHp HarpeBa 9,2 4,0 40 110 -2,60
A3, 2-5 cTyneHp HarpeBa 9,2 4,0 110 120 -0,40
A4 nonockanue 9,2 4,2 15 70 2,10
AS, mpoMBbIBKa 9,2 4,2 15 60 -1,70
A6, MBUTOBKA 9,2 4,2 15 50 -1,35
Hroro 55,2 -9,11
T'opstane (cOpacsiBaemble) moToku B

B1, orpaGoTtanHslii pacTBoOp
nocine 1-it u 2-i crynenei
Harpesa 9,1 4,0 70 30! +1,46
B2, oxnmaxmaromiast Bosa 8,8 4,2 60 30! +1,10
B3, monockanne 9,2 4,1 70 30! +1,50
B4, npoMEIBKa 9,2 4,1 60 30! +1,10
B5, MpuTOBKA 9,2 4,1 50 30! +0,75
B6, xonoxnast mpombIBKa 9,6 4,2 19 15! +0,16
Hroro 55,2 +6,10

! Koneunas TemIepaTypa IpHHATA OPUEHTHPOBOYHO Ul AHAIM3A, NOCKOIBKY B IITATHOIL
JIMHUHM KpAIIeHHs CTOKH HE YTWIN3UPYIOTCSL.
[pumeyanue. [Ipotoxu A2 u A3 HarpeBaroTCcs MapoM MIOCIEIOBATEIbHO.




V. N. Romaniuk, D. B. Muslina
On Improving the Energy Supply of Batch Dyeing Apparatuses... 35
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Puc. 10. Pacnipenienenue Bo BpeMEHU MMOTOKOB TEXHOJIOTUH KPAIIEHUS
B aInapaTe NepUOJUYECKOTO JEHCTBUSA B IUTATHOM PEXKUME

Fig. 10. Allocation over time of the dyeing technology flows
in the batch operation apparatus in design mode
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Puc. 11. Pacnipenienenue BO BpeMEHU MOTOKOB TEXHOJIOTUH KPaIIEHUS
B almnapare NepruoAuIecKoro IeHCTBUS B PEKUME € PEKyIepaLueil TEII0BOM SHEPTUU

Fig. 11. Allocation over time of the dyeing technology flows in the batch operation apparatus
in the mode with heat-energy recovering

W3 npuBeneHHBIX TpaguKOB 0UEBUIHA BO3MOXKHOCTH PEKYIEPAIUU TETIOTHI
ropsiuMx cOpPOCHBIX MOTOKOB B1-B4 s HarpeBa moToKoB MpOMBIBOK A4—A6.
OntuMHu3MpoBaHHas CeTeBas AUarpamMma IJisi JBYXIOTOYHOTO MPOOJIEMHOTO TI0-
751 OyaeT uMeTh B, OKa3aHHBINA Ha puc. 12.

U3 pesynbraToB nmuH4Y-aHanuza (puc. 9-12) ciemyer, 4To sHeprocOeperaro-
MK TOTEHIMAN MPOCTON YTHUIU3AMK MOOOYHBIX TOTOKOB B paMKax amllaparoB
HEPUOJUYECKOr0 KpallleHus B pacueTe Ha | T XJI0m4aTOOyMaKHOM TKaHM 3a
CYeT YCTAaHOBKH PEKYIEPaTUBHBIX TEILIOOOMEHHHUKOB gocturaet 37 % , 4To co-
craBisieT okojo 4,1 I'J[x. MomntHOCTh TeIII00OMEHHOTO ammapaTa 3aBHCHT OT
BPEMEHH Harpepa I0TOKa U TPeOyeMOro MakCHUMaJIbHOTO KOJIMYECTBA TEILIOBOM
suepruu (1,5 I'/x), mogBoammoi 3a ykazaHHBIA nepuoxn (15 mmH), W paBHA
npumepHo 1,7 MBT (puc. 13).

. muaa - T3, Ix T.muay 1O, T'/Ix
70 C @ 130 °C 146 @70‘@ @ }307C 15
| |
70 °C 52°C g 15°C 60 °C 54 °C: 15°C
H | |
=) 0 L{a4] 2,10 ~—.—;—- (9= 17
0,64 Tk 1,46 TJIx 0,2 T'Jx 1,5 Tk

60°C @ 130 °C 1.10

O, [e] O, ‘
502C 43 °C 5 15C}@L35
0,25Tx 1,1 T/l

Puc. 12. PemenHas ceTeBas 1uarpaMma JjIst JBYXIIOTOYHOT'O POOIEMHOTO TOJIA:
T3 — reruioBas sHeprus; O — TEIIOTa peKynepanyu; H — J0NOIHUTENbHOE NOTPEOICHUE TeIIOThI
OT BHEIIHEro HCTOYHHKA

Fig. 12. Resolved activity network for double-flow problem field:
TD — heat energy; Q — recovery heat; H — heat additional consumption from the outside source
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Puc. 13. CxeMbl CONPSHKEHUS TEINIOTEXHOJIOTHIECKOT0 000py10BaHUS ISl TEPMOANHAMUIECKOTO
aHanM3a YHeProoOecIeYeH s OIepalyii KpalleHus1 B ammnapare NeprHognIecKoro IeHCTBUS:

a — CyIIECTBYIOIIEee IOJIOKEHHE almapara ITaTHOTO COCTaBa; b — IMOJI0)KEHHE MOCIIe PACIIHPEHHS
COCTaBa TEINI00OMEHHOTO 000PYIOBaHUS; C — IPUHIUITHAIBHAS TEIIOBas CXeMa
SHeproodecedeHns KpacuiIbHOro anmnapata; TO — TermrooOMeHHUK;

TBB — TeKCTUIBHO-BCIIOMOTaTENNbHBIE BELIECTBA;

I, I — cooTBeTcTBEHHO 1-5 M 2-51 CTyNEHU HarpeBa TEXHUYECKOH BOJIBI

Fig. 13. Coupling diagram of the heat-technological equipment for thermodynamic analysis
of the dyeing operation energy supply in the batch operation apparatus:
a — existing position of the apparatus in regular layout; b — position after enlarging
the heat-exchange equipment layout; ¢ — schematic thermal diagram
of the dyeing apparatus energy supply; TO — heat-exchanging unit;
TBB — textile-processing chemicals; I, IT — respectively 1% and 2™ heating stages of service water

TepmoaunamMuyeckuii aHAIU3

MaremaTrueckasi MOACHb ISl BHITTOJTHCHUS TEPMOINHAMHUYECCKOTO aHalIn3a
U HaXOXJACHUA OTHOCUTCIIbHBIX XAPAKTCPUCTUK IIPUBCACHA B [4] HpI/IHI_II/IHI/I—
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aNbHasg TEIUIOBas cXema, MOJy4YeHHas M0 pe3ylbTaTaM IHWHY-aHalln3a, Tpen-
craBieHa Ha puc. 13c. [Ipu ocymecTBIEHUN MPOCTON PEKyIepaIuy TEeTIOBOM
SHEPTruu TemiiepaTypa cTokoB cHxkaercs: oT 40-50 mo 30-35 °C mpu oObeme
CTOKOB 55 M Ha TOHHY CyXOro XJom4aToOyMaskHOTO MaTepuana. [IpuBeneHnoe
3HaueHre 00beMa CTOKOB HAXOJIWTCS Ha BEpXHEW I'paHHIle CTAaHAAPTHBIX TMOKa-
3aTeiel MoTpeOJICHHSI BOJIBI HAa OTIEPAIMH KPaIIeHUS ¥ TIPOMBIBKH [6, 15, 16].
DHepreTUuecKue M dKcepreTnieckrue Oe3pasMepHbIE XapaKTEPUCTHKH Tep-

MOIMHAMHUYIECKOTO aHAJIN3a MPUBEICHEI B Ta0. 2.
Tabauya 2
OCHOBHBIE TOKA3aTeJH 110 BapHaHTaM MOACPHU3aAlMU allnapaTa nepuoJuieCcKoro ZleﬁCTBHﬂ
U3 pacyeTa HA TOHHY CYyX0ro MmatrepuaJjia

Major indicators by modernization variants of the batch operation apparatus
per one ton of the dry material

Ionoxenue
0603Ha- [0CJI€ MOACPHU3ANU
HaumenoBanue nokasarens werme | cymect- annapara
BYIOLIEE camoro | . paclMpeHHON
anmapara L
CTPYKTypO#
Oneprerunueckuit KI1J1, % 1, 0,8300 1,1000 1,1000

CreneHb TEPMOJUHAMUYECKOTO COBEPIICHCTBA

TEXHUYCCKON CUCTEMBI, %o M 83,6000 | 87,9000 87,8000

Tepmonunamuueckuit KITI, % e 0,1000 0,1420 0,1420
CrerneHb TEXHOJIOIMYECKOr0 COBEPLICHCTBA, Yo B 16,4000 | 12,1000 12,3000
CrereHb MOJIHOTO COBEPIICHCTBA TEXHUYECKON

CHUCTEMEI, %0 0 0,0164 0,0172 0,0174
Dkcepreruueckuit KIJT = VE, o,/ VE,u, % n. | 0,1700 | 0,2600 0,2600
VienbHble 3aTpaThl SHEPruM Ha TOHHY MaTe-

puana ¢ yaerom sekrpodnepruu, ['JHx/t q 11,5000 | 7,4400 7,4400
VYaenbHbIE 3aTpaThl SKCEPrUU HA TOHHY MaTe-

puana, ['Jx/T e 3,3000 2,2 2,2000
Tl'omoBast 5KOHOMHS YCIIOBHOT'O TOIUTHBA, T/TOJT AB — 80,0000
IIpocroil cpok Bo3BpaTa MHBECTULMN, JIET T — 0,5000

* v
IMosicHeHns TMHUN pacIINPEHHOI CTPYKTYPHI cM. Ha puc. 13b.
*%k o o
Oxkcepreruueckuii KITJI, onpenenseMslii 1o NPpUHATHIM MONE3HbIM dddekram u 3arparam
aKkceprud [22].

BrIBO/IBI M3 IPOBEIEHHBIX MUHY- U TEPMOJIMHAMHYCCKOTO aHATU30B COBIIA-
JIAFOT B YACTH OIIpe/IeNICHHS BEIMYUHBI dHEprocoeperaroiero 3¢ ¢gexra B paMkax
arperara Jisl CYIIECTBYIOIIETO YHEProoOecleveHus amnmapara myTeM MpOCTOH
pexyneparuu. [locie Takoi MomepHHM3alMK TEepMOAWMHAMUYECKas dddek-
TUBHOCTh arperata MpOJOJDKACT OCTaBaThCS HEBBICOKOW, UYTO YKa3bIBaeT Ha
HEO0OXOUMOCTh JTATBHEUIIIETO COBEPIICHCTBOBAHUS YHEProoOecrievyeHus aH-
HOH TeriorexHosornn. OUeBHIHA BO3MOXKHOCTE OoJiee TIyOOKOH yTHIIA3AITIH
MOOOYHBIX HHU3KOTEMIIEPATypHBIX TEIUIOBBIX MOTOKOB, HAMpPUMEp C TIOMO-
b0 a0COPOIIMOHHBIX OPOMHUCTO-TUTHEBBIX TEIIOBEIX HacocoB (ABTH). Hako-
HEll, COIJIACHO KOHIICTIIIUM MHTEHCUBHOTO 3HEPTrOCOSPEIKECHUs CIICAyeT pacilu-
puTh 3HEprocoOeperaronyo 0a3zy W MEpPerTH OT PacCCMOTPEHHUs PabOTHI OTACIb-
HOTO anmapara B Te4YEHHE OJTHOTO IHKIA K PACCMOTPEHUIO ero paboThl B Teve-
HUe pabounx cyTok (puc. 14) [23, 24].
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Fig. 14. Allocation of the batch operation apparatus flows during the working day

B cnydae mepexona OT peKyrnepaluy B IpeesiaX OJHOT0 KA KpamleHUs
K peKyIepaluy B Mpolecce HeCKOJIbKUX IMKIOB B TCUCHHUE BCETO BPEMEHHU pa-
OOTBI y4acTKa KpallleHUs MMOTCHIMaN MoTokoB B2 u B5 MokHO uCHOnb30BaTh
JUTSL HarpeBa oToka Al, KOTOPBI UMEET MECTO B CieIyroIeM Iukie (puc. 15).

O6beM
45-60 °C 0a6 FH)K T. l"I;I(I){‘i OTOKOB, M3 Ta’ FH)K
E - - 8.8 1,10
E 9,2 0,75

40 °C e 40 °C @ 15 9,2 0,96

Puc. 15. CereBas nuarpamma Ajsi MHOTOIOTOYHOTO IPOOIEMHOTO OIS

Fig. 15. Activity network for the multiflow problem field

[Ipumensa BhIIeyKa3aHHYIO KOHIIETIIMIO PAcCHIMpeHHs] dHeprocOeperaro-
mieit 0aspl, CTAHOBUTCSI OUYEBHUIHONW HEOOXOJUMOCTh BKJIIOUEHHUS B TEIJIOBYIO
CXeMy JHeproodOecredeHrsl OTAENOYHOTO IPOU3BOJICTBA JTOTOIHUTEIHFHOTO
000pyIOBaHNA: HAKOMUTEIbHOW OydepHOl eMKOCTH Il CTOKOB 00BEMOM
20 M* 1 Oaka-akKyMyJsaTOpa eMKOCThIO J0 10 M® Ha TOHHY 3arpy3Ku amnmnapa-
Ta (puc. 16).

[Notpebnenne temnoBoit sreprun camkaercs ¢ 11,17 go 6,15 I'J[>x Ha TOHHY
3arpy’kaeMoro Marepuana Win yMeHbliaercs yxxe Ha 45 %, uro Ha 8 % myuine,
4eM B TPEIBIIYIEM TUCKPETHOM BapHaHTE PeaTH3aliy MPOCTON peKymeparim
TEIUIOBOM »Heprud. MTorn TepMOIUHAMHYECKOTO aHalnW3a BapuaHTa IMpHBEe-
HBI B Ta0II. 3.

JlanpHeiilliee MOBBIICHHE TEPMOAMHAMHYECKOH 3()()EKTUBHOCTH SHEPTO-
o0ecrieyeHns1 CBSI3aHO C IMEPEXOAOM OT PACCMOTPEHHOTO JABYXCTYINEHYATOTO
HarpeBa K TPEXCTYIEeHYaTOMYy HarpeBy MOTOKOB, KOT/IA BHIIICONICaHHAsT HU3KO-
TeMIlepaTypHasi CTYIleHb HarpeBa COCTOHT W3 JBYX KackajoB. B mepBoMm kackane
WCTIONB3YeTCA TETUIOBasl SHEPTHsl MOOOYHBIX OTPaOOTAaHHBIX MOTOKOB, yaalsie-
MBIX W3 amllapara, BO BTOPOM — TEIUIOHOCHTENIEM SIBISETCS ceTeBasi BOJa, IO-
CTyHaromasi OT BHEIIHETO UCTOYHUKA M UMeroas 0ojee BBICOKYIO TeMIepaTy-
PY, YeM MOTOK peKymnepauun (puc. 16).
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Puc. 16. Cxema nByx- (a) 1 TpexcrynendaToro (b) HarpeBa TEXHHYECKOH BOIBI
Ha HyX/bl KpacwibHOU TuHUU: TO — TeruioooMeHHuk; TA — TemnoBoi akKyMyJIATop;
OCB - obparnas cereBas Bona; [ICB — npsimast ceTeBast BOJa;
I, 11, III — cooTBeTcTBEHHO 1-51, 2-1 1 3-51 CTyNEHU HarpeBa TEXHUYECKON BOJIbI

Fig. 16. Diagram of the two- (a) and three-stage (b) service-water heating
for requirements of the dyeing line: TO — heat-exchanging unit; TA — thermal accumulator;
OCB - return heating-system water; IICB — heating water;
L, IL III — respectively 1%, 2™ and 3™ heating stages of service water

[lepexon kK TpexcTymeHYaToOMy HAarpeBy TEXHOJOTHYECKHX IMOTOKOB yIyd-
AT OTHOCHTENbHBIE XapaKTePUCTUKH 3PPEKTHUBHOCTH HDHEProoOecrieUeHMS
mporiecca kpamieHust. OxunaeMoe MOBBIIICHUE MTOKa3aTeNIed UMEET MECTO U MPH
00BeAMHEHNN CMEH B YacCTH YHEProoOecreYeHns TeIIOTEXHHYECKUX OTIepaIii
B COOTBETCTBUH C pacIIUpEeHHEM dHeprocoOeperatomen 6a3pl. Bompoc memecoo6-
Pa3HOCTH peann3aluy Jajee penaeTcsi B 9KOHOMHYECKOM IOCKOCTH.

JlanpHelee yrayOieHne CTeTIeHH UCTIONh30BAHNS SHEPTOPECYPCOB CBA3AHO
C yTHIM3alueil HU3KOTeMIIepaTyPHBIX TEIIOBBIX MOTOKOB, YTO BO3MOXKHO 3a
cuet uHTerpanuu ABTH B TemiosHEPreTHYeCKyr0 CUCTEMY OTACIIOYHOIO Ipo-
M3BOJICTBA W BCETO MPEANPHSTHSA. Y TWIM3AIMS SHEPTrHH MOOOYHBIX TOTOKOB
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C TO3WIHK dHeprocOepekeHrs Mpu Oe3yCIOBHOM BBITIOJHEHHH TEXHOJIOTHYE-
CKHMX OTPaHWYCHHH W PETIAMEHTOB MMeeT Oojiee BBICOKHI MPUOPUTET TEpes
aNbTEPHATUBHBIMU PEIICHUSIMHU, HATPUMED Mepe KOTeHEpalue.

Tabauya 3
OcHOBHbBIE MOKA3aTeIN M0 BADHAHTAM MOJIePHU3ALUU
annapara nepuoAn4ecKoro KpauleHus MpH yCJI0BHH €ro padoThbl
B Te4eHHe ABYX padoYHuX CMeH

Major indicators by modernization variants
of the batch operation apparatus on condition of its two working shifts operation

TTonoxxenue
[0CJIe MOICPHU3AINH anmapaTa
HaumenoBanue nokaszaresns OGos3na- C pacuIupeHHON CTPYKTYypoil
yeHue | CYLIECTBY- p p PYKTYP
TOMICC | ¢ qBYXCTYHEHUYATHIM | C TPEXCTYIIEHUATEIM
HarpeBom™ HarpeBom™*

Ouepreruueckuit KIT, % R 0,8300 1,3000 1,3000
CTeneHb TepMOTUHAMUYECKOTO
COBEPLIEHCTBA TEXHUUECKOMN
cUCTeMBI, % Y 83,6000 88,8000 89,4000
Tepmonunamuueckuit KITI, % Ne 0,1000 0,1570 0,1650
CrerneHb TEXHOJIOTHYECKOTO
COBEpILICHCTBA, %o B 16,4000 11,2000 10,7000
CTeneHp MOJHOTO COBEPIICHCT-
Ba TEXHUYECKOM cuCTeMBI, % n 0,0164 0,0176 0,0176
Oxcepreruueckuit KITJ[ =
=VE 0s/VEsar % Ne 0,1700 0,2900 0,3100
VY nenbHbIC 3aTpaThl YHEPTUH HA
TOHHY MaTepHana ¢ y4eToM
anexkrposneprus, I JHx/T q 11,5000 6,5000 6,5000
Y nenbHbIC 3aTPaThl IKCEPTUH
Ha TOHHY Marepuana, ['Jhx/T e 3,3000 2,0000 1,9000
I'onoBast 5kOHOMUS YCIIOBHOTO
TOIUINBA, T/TOJT AB - 100 102,0000
IIpocroii cpok Bo3BpaTa MHBE-
CTHIIUH, JIET T — o nonyrona

* [osiCHEHHs CM. Ha puc. 16.

. Okcepreruueckuii KI1JI, onpenensieMslii 1o NPUHATHIM HOJIE3HBIM 3¢ (deKTaM U 3aTparam
aKkceprud [22].

[pumeyanue. ¥YaenpHell pacxon ycnoBHoro tommBa (YPT) Ha terory mpouecca oxia-
JKieHns ceTeBor Bozpl npuHuMany paBHbIM 0,0382 1/I'/[x (0,160 1/T'kan). YPT na Temnoty npo-
necca kouaencanuu napa 0,5 MITa npurumanu pasasmM 0,0418 /7 Tx (0,175 1/T'kan).

J1st monmHOM yTUU3aluy TeTUIOBOM YHEPTUU B COCTaBE OTACIOUYHOTO MPOU3-
BOJICTBA OYEBHIIHA HEOOXOIMMOCTH IPHUBJICUYCHHUS] CTOPOHHUX IOTpeOUTEeeH
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TEIUIOBOM SHEPIuu, IOCKOJIbKY BHYTPEHHHE NOTPEOHOCTH OKa3bIBAKOTCS, Kak
BBITEKAET M3 PACCMOTPEHHBIX PAHEE BAPUAHTOB MOJEPHHU3ALMHU, MPAKTHUECKU
MOJIHOCTBIO yJIOBJIIETBOPEHHBIMHU 32 CUET MPOCTBIX PEKYNEPATUBHBIX MEPONpUs-
tid. KomrmaecTBeHHO 3TO BRIMISANT Tak: noTeHman ABTH, uaTterpupoBanHoro
B TEIUIOBYIO CXEMY KpPacWIbHBIX allapaToB IEPHOANYECKOT0 ACHCTBHSA, B OT-
MyCKE TEIUIOBOM 3HEpruu cocrasiseT 5,5 '/l Ha TOHHY 3arpy»KaemMoro mare-
puana, Ipd TOM YTO OCTaTOYHBIE IIOCJIE MPOCTOH pPEKylepaunuu MOTPEeOHOCTH
mporiecca Kpamerns coctaBisorT 1,2 I'Jlx. BHemmHrM moTpeOuTeNnsiM B 5TOM
cllyyae MOXeET OBITh OTITYHICHO Ha KaXIYI0 TOHHY OKpaIllEHHOTO MaTepuaia Jio
4,3 I'/Ix TermmoBoi sHeprum ¢ Temreparypoil okomo 70—85 °C. Kak mokazanm
pacueTsl, TemioBas MoIHOCTE ABTH, npuxonsmascsa Ha Kaxablid KpaCUIbHBIN
anmapar NEepHOAMYECKOro MCHCTBHUs IMPOM3BOAUTENBHOCTRIO 1 T Marepuana
3a muKia, coctaBiaseT okonmo 0,20 MBrt. [lpunimunmanbpHas cxema HWHTErpa-
umu ABTH B cocTaB 0TIEn0YHOTO POU3BOICTBA IPUBEACHA Ha pucC. 17.
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Puc. 17. IlpunnunuaneHas cxema uaterpanuu ABTH B cocTaB 0Te104HOTO IPOU3BOJCTBA!
ABTH — abcopOunoHHbIH GpOMUCTO-TUTHEBBII TEIIOBOH HACcOC;
octayibHble 0003HaYeHUs Ha puc. 16

Fig. 17. Principal diagram of ABHP integration into the structure of the finishing production:
ABTH — absorption lithium-bromide heat pump; for other notations see Fig. 16

B sTom ciydae Tpebyercs HOMONHHUTENbHAS €MKOCTh 00beMoM 60 M  ist
oxnaxaeHHbIX 10 30 °C moO0YHBIX TTOTOKOB C IENIBI0 UX JAIbHEHINEH yTHIIH3a-
nuu ¢ nomomnisto ABTH. PacueTHble naHHBIC MpuUBEACHBI B TaOm. 4, rae s
CPaBHEHHS IMOKa3aHBl PE3yNIbTAaThl pacdeTa XapaKTEPHUCTHK IO TPEIBIIYIIEMY
BapHaHTy Pa3BUTHS CXE€Mbl. 3HAYMMOCTh TIPUBIICYCHUSI BHEITHUX MMOTpeOHUTEeH
JUTSL YBETMUYCHUS Ha TOPSIIOK TEPMOAMHAMUYECKON 3((EKTUBHOCTHA HCIOJIB30-
BaHHUS TEIUIOBHIX MOTOKOB OYeBWAHA. TakMMH TOTPEOMTENSIMH B COCTaBe pac-
CMaTPUBaEMBIX TIPOU3BOJICTB B TIEPBYIO OYEpeNb MOTYT OBITh CHCTEMBI TETLIO-
CHAOXEHUSI U TEXHOJIOTUYECKOTO KOHIUITUOHUPOBAHUS.
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Tabruya 4
OcHOBHBIE TOKA3aTeH N0 BAPHAHTAM MOJIEPHHU3AIMH annapaTa
NMEePHONYECKOr0 KpaleHusl PU YCJI0BMH ero padoThl B TeUeHHe IBYX Pabounux cMeH

Major indicators by modernization variants of the batch operation apparatus
on condition of its two working shifts operation

[Tonoxxenue
0603- [OCJIC MOACPHHU3ALNN JIHHUH
HanmeHoBaHue rokasaresnst Haye- | CyHIC- C PACIIMPEHHO CTPYKTYpO#
Hue | CTBYIO- | TpexcTyeH- C TPEXCTYIICH-
Wee | e Harpesoy® | TETPIM HATPEBOM
P u ABTH*
Ouepreruueckuit KI1, % uR 0,83 1,3000 1,400
CrerneHb TepMOﬂHHaanqecxoro . cosep-| 83.6 89,4000 90,100
LICHCTBA TEXHUYECKOW CUCTEMBI, %
Tepmonunamuueckuit KITI, % e 0,10 0,1650 1,530
CTeHCOHL TEXHOJIOTHYECKOTO0 COBEpPLICH- 8 164 10,7000 10,000
ctBa, %
CTeHefIL HonHoro0 COBEpPIICHCTBA TCXHH- w | 00164 0.0176 0.154
JecKoil cucrteMsl, %
Akcepreruaeckiii K| = VE o/VEyn % | M. | 0,17 0,3100 2,000
VienbHbIe 3aTpaThl SJHEPTHU HA TOHHY Ma- q 115 6.5000 6.500
TepHalia ¢ yu4eToM aekTposHeprum, ['J[x/T
VnenbHbIe 3aTpaThl dKCEPTUH Ha TOHHY R 33 1,000 1,700
Mmarepuaina, I'JLx/T
lomoBasi SKOHOMHS YCIOBHOTO TOILIH- AB B 102,0000 146,000
Ba, T/TOJ
Jl;[(iocmn CPOK BO3BPATA MHBECTHIMH, B Jlo nonyroza 0.8 roxa

-
Iosicuenus cMm. Ha puc. 16, 17.
ok o o
Okcepreruueckuii KI1JI, onpenensieMslii 10 MPUHATHIM HOJIE3HBIM 3¢ (deKTaM U 3aTparam
aKkceprud [22].

BbIBO/IbI

1. IIpoBeneHHBIN BCECTOPOHHUN TEPMOIMHAMUYIECCKUHN aHamn3 3G (HEeKTHBHO-
CTH 3HEPronoTpeOeHHs TEXHOJIOTHYECKUM 000pYAOBAaHHEM JIETKOM MpPOMBIII-
JICHHOCTH HETIPEPBIBHOTO [4] M mepuoanyYecKoro AeicTBUs Ha 0Oa3e dKcepreTu-
YeCKOro MEeToJa W MUHY-aHalN3a, HANPaBJICHHBIH HA COBEPIICHCTBOBAHUE H
CHIDKCHHE DHEPTOEMKOCTH MPOIYKLUUHN OTPACIH, MO3BOJMI HE TOJIBKO BBIpabo-
TaTh PEKOMEHAALMH 110 YMEHBIICHUIO dHEPronoTpebaeHus, HO U Ha 0aze Tep-
MOJMHAMHUYECKHUX II0Ka3aTeNell BHISIBUTh HEONPaBAAHHO BBICOKYIO JHEPTrOeM-
KOCTb BCEH TEXHOJIOTHHU KpaIeHUS U 00paOOTKH TEKCTUIBHBIX MaTepHAIIOB.

2. V3 mpoBeneHHBIX aHaIn30B 3()(HEKTUBHOCTH padOTHI anmapaToB MEPHO-
JTUYECKOT0 KPAIIeH!sI 1 MOJIEPHU3AINN UX YHEProoOecnedeHus CleayeT, YTo:

e COBEpPUICHCTBOBAHNE HSHEProO0ECleueHHs CYLIIECTBYIOINX KPaCHUIbHBIX
anmnaparoB MEPUOJUYECKOTO IEHCTBUS HEOOXOANMO U BO3ZMOKHO;

e TIepeX0j] K MHOTOCTYIIEHYaTOMY HAarpeBy TEXHOJOTHYECKHX PacTBOPOB
C IIPUMEHEHHMEM IIPEBApUTEIHLHOIO HAarpeBa 3a CUeT BOJSHOIO TEIJIOHOCHUTEINS
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JAeT HAanOOJBIITUI SHEPTeTHICCKUN U TepMOANHAMIIecKuit addexT (Tadm. 2, 3)
C DKOHOMHEHW IHEepropecypcos 1o 45 %;

e BBEJICHHE B COCTAB TEIJIOBOM CXEMBI a0COPOLIMOHHBIX OPOMHUCTO-TUTHUEBBIX
TEIUIOBBIX HACOCOB IMO3BOJISIET YIIYOUTh YTHIIM3AIUIO SHEPTUU 32 CUET HU3KO-
TEMIIePATyPHBIX TEIUIOBBIX MOOOYHBIX TEXHOJIOTHYECKUX MOTOKOB. [Ipu 3TOM
OMpaBIaHO BHEIHEE HCIOJIb30BAHUE MOTOKOB OT aOCOPOLMOHHBIX OPOMHCTO-
JUTHEBBIX TEIUIOBBIX HACOCOB, 00ECIEYMBAIONICE POCT DHEPreTHYCCKHX H K-
CepreTHUECKHX IoKasareseii Oomee yeM Ha mopsaok (tadu. 4). Takoe permenue
MO3BOJIUT CHHU3HUTH 3aTPaThl TEINIOBOM DHEPTHUH BHEHIHUMH MOTPEOUTENSAMH 10
40 % TemoThl, mepegaBaeMoidl UM OT aOCOPOLMOHHBIX OpPOMHCTO-TUTHEBBIX
TEIUIOBBIX HACOCOB.
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